Maize-soybean meal diets with 0, 100, 200 and 300 g/kg double zero rapeseed meal ('00' RSM) with and without an enzyme mixture (xylanase, pectinase, cellulase) at a level of 1.6 g/kg were evaluated with 624 day-old broiler chicks for 5 weeks. The birds were randomly allocated to eight dietary treatments with three replicates of 26 birds each. Average daily gain (ADG) and feed intake (FI) were recorded weekly and ileal viscosity, organ weights, serum enzyme activity, hormonal profile and hematological parameters were measured at the end of week 5. Average daily gain during the weekly periods was significantly influenced by the dietary level of '00'RSM (p<0.01). Inclusion of '00' RSM improved the ADG up to day 28 with the increased level; beyond that time no improvement was recorded when compared to control groups. However, ADG from 1-35 days was significantly different between 300 g/kg inclusion level of '00' RSM and the control diet. Inconsistent decline in feed intake and feed conversion ratio was observed up to day 21 and the trend was reversed thereafter. The proportion of '00' RSM in the diet had a significant (p≤0.05) influence on thyroid weight but had no effect on the relative weights of liver and heart, serum enzyme activities (γ-glutamyl transferase, alanine amino transferase and aspartate amino transferase), thyroid hormones (T 3 and T 4 ), hemoglobin level and hematocrit. Significant improvement in ADG was recorded during the 2nd week of age with the addition of enzyme, whereas for all other periods, including the whole period of the trial, higher but non-significant ADG was observed. FI and FCR were not affected by the addition of enzyme but there was a numerical reduction in FCR during the whole period. The addition of enzyme reduced the ileal viscosity at all levels of '00' RSM inclusion. The results suggest that '00' RSM can be included up to 300 g/kg in broiler diets without any adverse effects on health and performance. The addition of commercial enzyme mixture containing xylanase, pectinase, cellulase to broiler diets containing '00'RSM has some effect on growth rate and feed conversion efficiency.
INTRODUCTION
The use of rapeseed meal (RSM) in poultry diets has been highly limited by the presence of glucosinolates and other minor anti-nutritional factors like sinapine and tannin (Fenwick and Curtis, 1980; Leeson and Summers, 2001; Pengbin et al., 2002) . With the advent of rapeseed cultivars low in glucosinolates and erucic acid content, the inclusion of double zero rapeseed meal ('00' RSM) in poultry diets is on the rise.
The high levels of non-starch polysaccharides (NSP) in '00' RSM is limiting its unrestricted use in poultry feeding (Slominski and Campbell, 1990; Kocher et al., 2000; Malathi and Devegowda, 2001; Shim et al., 2003) . These NSPs are known to increase the gut viscosity, reduce nutrient absorption in the intestine and affect indirectly the growth and performance of birds (Annison and Choct, 1991; Annison, 1991; Choct and Annison, 1992) . Many studies have clearly demonstrated that, the addition of enzymes to diets rich in NSP results in a significant reduction in the intestinal viscosity, enhances energy and protein utilization and in turn improves the performance (Kocher et al., 2000) . Their is only limited information is available on the anti-nutritive effects of '00' RSM NSP and the ability of commercial enzyme products to degrade these compounds. Thus, the NSP content of '00' RSM used in the present trial was quantified and the appropriate enzymes to degrade those NSP were added to different treatment diets.
Despite the availability of '00' RSM, there are still a number of problems, such as the adverse effects of low levels of glucosinolates on the thyroid and the consequent interference with metabolism and growth, liver hemorrhages, increased leg problems and appetite depression (Ibrahim et al., 1980; Martland and Butler, 1984; Pusztai, 1989) . For these reasons, further investigation is essential to bear out the profitability of this oilseed meal in broiler nutrition. In this perspective, '00' RSM used in this trial was analyzed for the glucosinolate levels, and its effect on the thyroid and liver functioning were tested. The twin objectives of the current study were to evaluate the effects of '00' RSM feeding on the health of broilers and to investigate the effect of enzyme addition to '00' RSM supplemented diets on the growth and performance of broilers.
MATERIALS AND METHODS

Glucosinolate and nonstarch polysaccharide composition of double zero rapeseed meal
Glucosinolate content in double zero rapeseed meal (Brassica napus) used in this trial was quantified by HPLC (Agilent Technologies; 1100 series, Singapore) method (ISO, 1992) . The total pentosans, pectin, cellulose and total NSP content of '00' RSM were estimated by the procedures of Frazer et al. (1956) , Sadasivam and Manickam (1996) , Updegroff (1969) and Englyst and Cummings (1988) , respectively.
Experimental design
In a deep litter trial, 624 d-old Cobb broiler chicks were randomly allocated to eight experimental groups, each comprising three replicates of 13 male and 13 female chicks. Four diets containing 0, 100, 200 and 300 g/kg '00' RSM were prepared with (1.6 g/kg) and without a combination of enzyme mixture (xylanase, pectinase and cellulase) to produce eight dietary treatments in a factorial arrangement. Broiler chicks were fed on starter diets from 0 to 3 wk and finisher diets from 4 to 5 wk. The composition of starter and finisher basal diets is shown in Table 1 .
The addition of the enzyme mixture at a level of 1.6 g/kg provided following levels of individual enzyme activity; xylanase -298 U/g, pectinase -5,000 Pectinase Units/g and cellulase -788 Carboxy Methyl Cellulose Units/g. The xylanase was derived from Trichoderma viridae and Aspergillus aculeatus, whereas pectinase and cellulase were derived from Aspergillus aculeatus.
Data collection
The weight gain and feed intake were measured once a wk and summarized after five wks. Two (one male and female) birds from each replicate were sacrificed by cervical dislocation and ileal contents were collected from Meckel's diverticulum to one cm above the ileocecal junction and kept on ice prior to centrifugation (10,000×g, 15 m at 4°C). The supernatant was used for viscosity measurement with a Brookfield Viscometer-LVTD (Brookfield Engineering Laboratories, MA-1031, USA) at ambient temperature with a spindle and chamber (SC14-18).
The relative weights of thyroid and liver were expressed as mg/100 g and g/100 g body weight, respectively. At the end of trial, blood was collected in nonheparinized tubes from two birds (one male and female) from each replicate by brachial vein puncture. Serum was collected by the procedure of Calneck et al. (1992) and stored at -20°C for future analysis. The serum samples were analyzed for triiodothyronine (T 3 ) and thyroxine (T 4 ) by radioimmunoassay kits (Solidphase Inc., Portland, Maine 04103 USA) and for activity of γ-glutamyl transferase (GGT), alanine amino transferase (ALT) and aspartate amino transferase (AST) using an automatic analyzer (Boehringer Mannheim, Hitachi, Japan). The hemoglobin and hematocrit were measured using the same auto analyzer.
Statistical analysis
The results were subjected to analysis of variance by the General Linear Model procedure of SAS ® (SAS Institute, 1996) . For all the parameters each replicate was considered as an experimental unit with an exception for average daily gain where records on individual birds were available. The differences between means were compared by Duncan's multiple range test. The level of significance was tested at p≤0.05.
RESULTS
Chemical, glucosinolate and nonstarch polysaccharides composition in double zero rapeseed meal
The chemical, non-starch polysaccharides and glucosinolate composition of double zero rapeseed meal ('00' RSM) is shown in Table 2 .
Growth performance
Average daily gain (ADG) during weekly periods significantly influenced by the dietary levels of '00' RSM (Table 3) . Inclusion of '00' RSM improved the ADG upto day 28 with the increased levels and thereafter no improvement was recorded as compared to control groups. However, ADG in 1-35 days was significantly different between 300 g/kg inclusion level and control. Inconsistent decline in feed intake and feed conversion ratio was observed upto day 21 and the trend was reversed after that (Table 4 ). The general trend showed that inclusion of '00' RSM upto 300 g/kg did not affect the growth performance of the broilers. Significant improvement in ADG was noticed during the 2nd week of age with the addition of enzyme, whereas for all other periods including whole period of the trial higher but non-significant ADG was observed. Significant interaction between the effects '00' RSM level and enzyme addition on ADG was recorded through out the trial except at 2nd and 4th wk of age. However, FI and FCR were not affected with the addition of enzyme but there was a numerical reduction in FCR for the whole period of trial. ADG significantly differed between sexes in all the periods irrespective of '00' RSM level and enzyme inclusion. ADG of male chick was significantly higher than female chicks by 0.056% during whole period. Incorporation of '00' RSM and enzyme addition had no effect on mortality.
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Organ weights
The relative weights of liver and heart did not differ between the treatments, but the relative thyroid weights were higher in the birds fed on diets containing '00' RSM (Table 5) . However, triidothyronine (T 3 ) and thyroxine (T 4 ) levels were not influenced by the inclusion of '00' RSM (Data not shown). Addition of enzymes mixture increased the relative weights of liver at 35 days of age.
Intestinal viscosity
The inclusion of varying levels of '00' RSM had no effect on digesta viscosity either at 28 or 35 days of age (Table 6 ). The addition of enzyme reduced the ileal viscosity at all levels of '00' RSM inclusion and compared to 28 days of age, reduction was significant at 35 days of age.
Haematology and serum enzyme profile
The varying levels of '00' RSM and the addition of enzyme had no effects on serum enzyme activities (AST, ALT and GGT), hemoglobin and hematocrit (Table 6 ).
DISCUSSION
The total nonstarch polysaccharides (NSP) content of double zero rape seed meal ('00' RSM) used in this trial was 2.35 g/kg and is in concurrence with the NSP values of canola meal reported by Slominski et al. (1994a) and Slominski et al. (1994b) . The glucosinolate content also found to be 32.1 µmol/g.
The results of performance parameters indicate that broilers can tolerate high levels of dietary '00' RSM without any detrimental effects on their performance. The results are in agreement with the findings of Leeson et al. (1987) and Cowan (1993) who showed that 00' RSM could be used at high levels (>300 g/kg) in place of soybean meal despite of a considerable increase in indigestible NSP. An inconsistent decline in FI as well as FCR up to 21 days observed in the birds fed on diets without enzyme in the current study were concord with the findings of Leslie and Summers, (1972) and Karunajewa et al. (1990) . The contradiction in the performance of broilers fed on '00' RSM may be due to variation in glucosinolate as well as fat content. Higher growth rate in the enzyme-supplemented groups, either significant or not, are on par with the observation of Cowan (1993) but are in contrast to the result of Kocher et al. (2000) .
The results for FCR and digesta viscosity suggest that efficiency of energy utilization was better in birds fed on enzyme-supplemented diets compared to those fed on unsupplemented diets. Kocher et al. (2000) , Cowan (1993) and Selle et al. (2003) have reported similar results. Comparatively higher viscosity at the fourth week observed in this study may be due to age factor as observed by Smits and Annison (1996) . As the birds lack NSP-hydrolyzing enzymes, the water soluble fractions of NSP increases the digesta viscosity and affect the digestibility and absorption of nutrients (Annison, 1991) . The soluble NSP level of '00' RSM varies from 0.15 to 0.32 g/kg (Slominski and Campbell, 1990; Bell, 1993) . Although the soluble NSP are degraded by microflora of ileum and ceca (Carre et al., 1990) , the end products of microflora degradation like volatile fatty acids are not efficiently utilized by chicken due to inefficient absorption of volatile fatty acids in the intestine (Carre et al., 1995) . The inclusion of high and low glucosinolate RSM in poultry diet causes rapeseed meal hepatosis (Martland and Butler, 1984) which is characterized by increased hemorrhage, reticulolysis and lympho proliferation, and decreased hematocrit (Leeson and Summers, 1976; Smith and Campbell, 1976; Pearson and Butler, 1979; Martland and Butler, 1984) . This condition is also characterized by elevated serum levels of aspartate amino transferase (AST), alanine amino transferase (ALT), lactate dehydrogenase, and alkaline phosphotase, suggesting hepatic damage (Pearson and Butler, 1979; Pearson et al., 1983; Martland and Butler, 1984) , and γ-glutamyl transferase (GGT) indicating damage to the hepatic biliary system or pancreas (Pearson et al., 1983) .
The results of the present trial suggest that the inclusion of '00' RSM having total glucosinolate level of 32.1 µmol/g has no effect on liver weight and morphology, AST, ALT and GGT levels, hemoglobin concentration and hematocrit. Reports of Szymkiewicz et al. (1988) , Wight et al. (1987) and Mandal et al. (1981) support these observations. Relative thyroid weights were higher in the birds fed diets containing '00'RSM (Table 6 ). However, triiodothyronine (T 3 ) and thyroxine (T 4 ) levels were not influenced by the inclusion of '00'RSM. A group of glucosinolates present in the '00' RSM produces nitriles or oxazolidinethiones upon hydrolysis, which are known to block the uptake of iodine by the thyroid gland (Karlson, 1969) and in turn result in altered T 3 to T 4 ratio, hyperplasia and hypertrophy of thyroid gland and reduced growth rate (Goh et al., 1985) . The glucosinolate level (32.1 µmol/g) of the '00' RSM used in the present trial has enough goitrogenic activity to increase thyroid weight, although this does not seem to affect the broiler performance. The data on growth rate, T 3 and T 4 levels corroborate this fact.
It was observed that all the birds fed on diets containing '00' RSM at all the levels showed wet droppings which was limited to only the first week of the trail and subsided subsequently. Reported observations to this effect are lacking. The dark color of the feces in the birds fed on diets containing '00' RSM accompanying with wet dropping in the first week, could be misleading factors in farm level usage of '00'RSM.
The difference between males and females with respect to a particular trait or sexual dimorphism can not be attributed to single clear cut reasoning. However, facts such as greater competition between males, social dominance, different nutritional requirements, impact of hormones for growth and fatness could be involved (Le Bihan-Duval., 1998; Zerehdaran et al., 2004) .
It is concluded from this study that i) '00'RSM having total glucosinolate content of 32.1 µmol/g can be included upto 300 g/kg in the broiler finisher diet without any detrimental effect on growth rate, feed efficiency and health status, ii) The addition of enzyme mixture containing xylanase, pectinase and cellulase to the broiler diet containing '00'RSM (23.5% total NSP) has some effect on growth rate and feed conversion efficiency.
